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FIG. 2

(a) SLIDING RADIUS
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SLIDING COMPONENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. National Phase under
35 U.S.C. § 371 of International Application PCT/JP2018/
018624, filed May 135, 2018, which claims priority to Japa-
nese Patent Application No. JP2017-099302, filed May 19,
2017. The International Application was published under
PCT Article 21(2) in a language other than English.

TECHNICAL FIELD

The present invention relates to a sliding component
suitable, for example, as a mechanical seal, a sliding bear-
ing, and other sliding units. In particular, the present inven-
tion relates to a sliding component such as a seal ring or a
bearing that requires reduction of friction by interposing a
fluid between sliding surfaces, and prevention of leakage of
the fluid from the sliding surfaces.

BACKGROUND ART

In a mechanical seal serving as an example of a sliding
component, while maintaining a sealing property, sliding
friction during rotation 1s required to be reduced to the
extreme. By variously texturing the sliding surfaces, a
method of reducing friction 1s realized. For example, as one
of texturing, arrangement of dimples on the sliding surfaces
1s known.

Conventionally, 1n a case where dimples are provided on
a sliding surface 1n order to meet contradictory conditions of
sealing and lubricating, plural dimples are arranged and
aligned 1n order 1n general. For example, in the invention
described 1n JP 2003-343741 A (hereinafter, referred to as
“Patent Document 17), for the purpose of reducing a friction
coellicient of a sliding surface and improving a sealing
ability, plural thin and long dimples are provided and aligned
in order 1n a regular manner on the sliding surface so that the
inclination directions of the dimples are different between
the outer peripheral side and the mner peripheral side with
a border reference line X as a borderline. Leading ends in the
rotation direction of the dimples on the outer peripheral side
are inclined toward the outer peripheral side, and leading
ends i the rotation direction of the dimples on the inner
peripheral side are inclined toward the inner peripheral side.

Conventionally, 1n order to improve a lubricating prop-
erty, random arrangement of plural dimples 1s also known.
For example, 1n the mnvention described 1n JP 2001-221179
A (hereinafter, referred to as “Patent Document 2”), plural
dimples are randomly arranged on an 1nner wall of a cylinder
ol a rotary compressor and a leading end surface and both
side end surfaces of a sliding vane.

CITATION LIST

Patent Documents

Patent Document 1: JP 2003-343741 A
Patent Document 2: JP 2001-221179 A

SUMMARY OF THE INVENTION

Technical Problem

However, 1n the invention described in Patent Document
1, since the dimples are arranged and aligned in order, an
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cellect of suctioning from the leakage side to the sliding
surface and an eflect of flowing from the sealed fluid side to
the sliding surface are low. Thus, there 1s a need for a
complicated configuration in which the leading ends in the
rotation direction of the dimples on the outer peripheral side
are imnclined toward the outer peripheral side and the leading
ends 1n the rotation direction of the dimples on the inner
peripheral side are inclined toward the mner peripheral side.
Since a fluid concentrates on a radially center portion of the
sliding surface, there 1s also a problem that the entire sliding
surface cannot be uniformly lubricated.

The mmvention described in Patent Document 2 1s just to
randomly arrange the plural dimples in order to improve the
lubricating property, and there 1s no examination on
improvement in the sealing property.

By randomly arranging the plural dimples, a lubricating
performance 1s improved in comparison to aligned arrange-
ment. However, 1n random arrangement, an effect of suc-
tioning a fluid to leak out to the low pressure tluid side, the
so-called pumping eflect is less easily obtained. Thus, there
1s a problem that leakage occurs. There 1s also a problem that
as a result of random arrangement, it 1s unclear which
arrangement intluences the lubricating performance in what
way.

A first object of the present invention 1s to provide sliding
components excellent 1n a sealing property by finding out a
relationship between a dimple arrangement characteristic
and a pumping characteristic 1n a case where plural dimples
are randomly arranged, and improving a characteristic of
suctioning a flmd from the leakage side to sliding surfaces.

In addition to the first object, a second object of the
present mvention i1s to provide sliding components with
which contradictory conditions of sealing and lubricating
can be met by improving a characteristic of letting the fluid
flow from the sealed fluid side to the sliding surfaces.

Solution to Problem

|Principle of the Prevent Invention]

The inventors of the present invention conducted numeri-

cal experiments of arrangement conditions of 200 cases by
using experiment plans based on the Latin hypercube
method 1n sliding components 1n which plural dimples are
randomly arranged on sliding surfaces. As a result, the
inventors obtained a finding that there 1s the following
relationships between dimple arrangement and a pumping
characteristic and a lubricating characteristic.
(1) A suction amount from the leakage side to the sliding
surfaces (hereinafter, sometimes referred to as the pumping
amount) correlates to an average value of coordinates of the
dimples 1n the radial direction of the sliding surfaces (Spear-
man’s rank-correlation coeflicient of 0.672). As shown in
FIG. 2A, when a radial-direction coordinate average value
of centers of dimples forming a dimple group (indicating
radial-direction gravity center of the dimple group) is
smaller than a sliding radius (radial-direction center of the
sliding surfaces), that 1s, when an average radial-direction
coordinate rmean 1s smaller than 0.5, an amount of a fluid
suctioned from the inner peripheral side of the sliding
surfaces (leakage side) into the sliding surfaces 1s increased.
The average radial-direction coordinate rmean of FIG. 2A 1s
expressed by the following expression.

rmean=("‘average value of radial-direction coordi-
nates of centers of dimples forming a dimple
group” —"1nside radius Ri of sliding surfaces™)/
(“outside radius Ro of sliding surfaces”—*inside
radius Ri of sliding surfaces™)
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(2) Torque of the sliding surfaces that slide with respect to
cach other correlates to a standard deviation of angular-
direction coordinates of dimples normalized by uniform
distribution (hereinafiter, referred to as the “angular-direction
standard deviation o,” indicating a dispersion degree of a
dimple group in the angular direction) (Spearman’s rank-
correlation coetlicient 01 0.595). As shown 1n FIG. 2B, when
the angular-direction standard deviation o, 1s smaller than
one, more preferably, smaller than 0.8, no large torque 1s
generated.

Based on the finding described above, the invention of the
present application 1s to firstly improve a sealing property by
arranging dimples 1n such a manner that a radial-direction
coordinate average value of centers of the dimples 1s smaller
than a sliding radius and 1mproving a characteristic of
suctioning from the leakage side to sliding surfaces, and
secondly prevent generation of large torque by arranging
dimples 1n such a manner that an angular-direction standard
deviation o, of the dimples 1s smaller than one, more
preferably, smaller than 0.8 and improving a lubricating

property.

Solution

To attain the above objects, sliding components according,
to a first aspect of the present invention are a pair of shiding
components having annular sliding surfaces that slide with
respect to each other in which plural dimples are arranged on
at least the sliding surface on one side, characterized 1n that
the plural dimples are randomly arranged to form a random
dimple group, and the dimples are arranged 1n such a manner
that a radial-direction coordinate average of centers of the
dimples of the random dimple group 1s smaller than a sliding
radius of the sliding surface.

According to the first aspect, 1t 1s possible to improve a
characteristic of suctioning a fluid from the leakage side to
the sliding surface. Thus, 1t 1s possible to provide the sliding
components excellent 1n a sealing property.

According to a second aspect of the present invention, 1n
the sliding components in the first aspect, plural random
dimple groups are formed independently from each other 1n
the circumierential direction of the sliding surface.

According to the second aspect, it 1s possible to improve
the characteristic of suctioning the fluid from the leakage
side to the sliding surface uniformly 1n the circumierential
direction of the sliding surface.

According to a third aspect of the present invention, 1n the
sliding components in the first or second aspect, the dimples
are arranged in such a manner that an angular-direction
standard deviation of the dimples of the random dimple
group 1s less than one.

According to the third aspect, it 1s possible to improve a
characteristic of letting the fluid flow from the sealed fluid
side to the sliding surface and to obtain a thick liquid film.
Thus, 1t 1s possible to provide the sliding components
excellent 1n a lubricating property.

According to a fourth aspect of the present invention, in
the sliding components in the first or second aspect, the
dimples are arranged in such a manner that an angular-
C
C

irection standard deviation of the dimples of the random
1mple group 1s less than 0.8.

According to the fourth aspect, 1t 1s possible to further-
more improve the characteristic of letting the fluid flow from
the sealed fluid side to the sliding surface and to obtain a
thick liqud film. Thus, it 1s possible to provide the sliding
components excellent 1n the lubricating property.
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According to a fifth aspect of the present invention, in the
sliding components in the third or fourth aspect, a pumping
random dimple group 1n which the dimples are arranged in
such a manner that the radial-direction coordinate average of
the centers of the dimples of the random dimple group 1s
smaller than the sliding radius of the sliding surface 1s
arranged on the sliding surface on the leakage side, and a
lubricating random dimple group in which the dimples are
arranged 1n such a manner that the angular-direction stan-
dard deviation of the dimples of the random dimple group 1s
at least less than one 1s arranged on the sliding surface on the

sealed fluid side.

According to the fifth aspect, it 1s possible to improve the
sealing property of the sliding surface and also furthermore
improve the lubricating property.

According to a sixth aspect of the present invention, 1n the
sliding components 1n the fifth aspect, a deep groove being
1solated from the leakage side and communicating with the
sealed fluid side 1s arranged on the sliding surface, and a
circumierential deep groove of the deep groove 1s arranged
between the pumping random dimple group and the lubri-
cating random dimple group.

According to the sixth aspect, since the fluid can be
supplied from the sealed fluid side to the shiding surface via
the deep groove, 1t 1s possible to improve the lubricating
property of the sliding surface. It 1s also possible to prevent
contact between the pumping random dimple group and the
lubricating random dimple group by the circumierential

deep groove. Thus, 1t 1s possible to sufliciently exert func-
tions of the pumping random dimple group and functions of

the lubricating random dimple group.

Advantageous Effects of Invention

The present invention achieves the following outstanding,
cllects.
(1) In the pair of sliding components having the annular
sliding surfaces that slide with respect to each other 1n which
the plural dimples are arranged on at least the sliding surtace
on one side, the plural dimples are randomly arranged to
form the random dimple group, and the dimples are arranged
in such a manner that the radial-direction coordinate average
of the centers of the dimples of the random dimple group 1s
smaller than the sliding radius of the sliding surface.
Thereby, it 1s possible to improve the characteristic of
suctioning the flmd from the leakage side to the sliding
surface. Thus, 1t 1s possible to provide the sliding compo-
nents excellent i the sealing property.
(2) The plural random dimple groups are formed indepen-
dently from each other 1n the circumierential direction of the
sliding surface. Thereby, it 1s possible to improve the char-
acteristic of suctioning the fluid from the leakage side to the
sliding surface uniformly 1n the circumiferential direction of
the sliding surface.
(3) The dimples are arranged 1n such a manner that the
angular-direction standard deviation of the dimples of the
random dimple group 1s less than one. Thereby, 1t 1s possible
to 1mprove the characteristic of letting the flmd flow from
the sealed fluid side to the sliding surface and to obtain a
thick liqud film. Thus, it 1s possible to provide the sliding
components excellent 1n the lubricating property.
(4) The dimples are arranged in such a manner that an
angular-direction standard deviation of the dimples of the
random dimple group 1s less than 0.8. Thereby, 1t 1s possible
to furthermore improve the characteristic of letting the tluid
flow from the sealed fluid side to the sliding surface and to
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obtain a thick liguid film. Thus, 1t 1s possible to provide the
sliding components excellent 1n the lubricating property.
(5) The pumping random dimple group in which the dimples
are arranged 1n such a manner that the radial-direction
coordinate average of the centers of the dimples of the
random dimple group 1s smaller than the sliding radius of the
sliding surface 1s arranged on the sliding surface on the
leakage side, and the lubricating random dimple group 1n
which the dimples are arranged 1n such a manner that the
angular-direction standard deviation of the dimples of the
random dimple group 1s at least less than one 1s arranged on
the sliding surface on the sealed flmid side. Thereby, 1t 1s
possible to improve the sealing property of the sliding
surface and also furthermore improve the lubricating prop-
erty.

(6) The deep groove being 1solated from the leakage side and
communicating with the sealed fluid side 1s arranged on the
sliding surface, and the circumierential deep groove of the
deep groove 1s arranged between the pumping random
dimple group and the lubricating random dimple group.
Thereby, since the fluid can be supplied from the sealed fluid
side to the sliding surface via the deep groove, 1t 1s possible
to improve the lubricating property of the sliding surface. It
1s also possible to prevent contact between the pumping
random dimple group and the lubricating random dimple
group by the circumierential deep groove. Thus, 1t 1s pos-
sible to sufliciently exert the functions of the pumping
random dimple group and the functions of the lubricating
random dimple group.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a vertically sectional view showing an example
ol a mechanical seal according to a first embodiment of the
present invention.

FIG. 2 15 an illustrative view for illustrating the principle
of the present invention.

FIG. 3 1s a plan view for illustrating an example of a
sliding surface of a sliding component according to the first
embodiment of the present invention.

FIG. 4 1s a plan view for illustrating an example of a
sliding surface of a sliding component according to a second
embodiment of the present invention.

FIG. 5 1s a plan view for illustrating an example of a
sliding surface of a sliding component according to a third
embodiment of the present invention.

FIG. 6 1s a plan view for illustrating an example of a
sliding surface of a sliding component according to a fourth
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

Hereinaiter, with reference to the drawings, modes for
carrying out this mvention will be described as examples
based on embodiments. However, the dimensions, the mate-
rials, the shapes, the relative arrangements, etc. of constitu-
ent components described in the embodiments are not
intended to limit the scope of the present invention only to
them unless otherwise described explicitly.

First Embodiment

With reference to FIGS. 1 to 3, shiding components
according to a first embodiment of the present invention will
be described.

In the following embodiment, as an example, a mechani-
cal seal that 1s an example of the sliding components will be
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6

described. However, the present invention 1s not limited to
this but for example can also be utilized as a shding
component of a bearing that slides with a rotating shait while
sealing lubricating o1l on the axially one side of a cylindrical
sliding surface.

The outer peripheral side of the sliding component form-
ing the mechanical seal will be described as the high
pressure fluid side (sealed tluid side), and the mner periph-
cral side as the low pressure fluid side (leakage side).
However, the present invention 1s not limited to thus but a
case where the high pressure fluid side and the low pressure
fluid side are reversed 1s also applicable.

FIG. 1 1s a vertically sectional view showing an example
of the mechanical seal, which 1s an 1nside mechanical seal 1n
the form of sealing a sealed fluid on the high pressure fluid
side to leak from the outer periphery of sliding surfaces
toward the inner periphery. The mechanical seal 1s provided
with an annular rotating side seal ring 3 serving as one
sliding component provided across a sleeve 2 on the side of
a rotating shait 1 that drives a pump 1mpeller (not shown) on
the high pressure fluid side 1n a state where the rotating side
seal ring 1s rotatable integrally with this rotating shaft 1, and
an annular stationary side seal ring 3 serving as the other
sliding component provided 1n a housing 4 of a pump 1n a
non-rotating state and an axially movable state. With a
colled wave spring 6 and a bellows 7 axially biasing the
stationary side seal ring 5, the seal rings slide in close
contact with each other at sliding surfaces S. That 1s, this
mechanical seal prevents an outflow of the sealed fluid from
the outer peripheral side of the rotating shaft 1 to the inner
peripheral side at the sliding surfaces S of the rotating side
seal ring 3 and the stationary side seal ring 5.

FIG. 1 shows a case where width of the sliding surface of
the rotating side seal ring 3 1s greater than width of the
sliding surface of the stationary side seal ring 5. However,
the present invention 1s not limited to this but 1s also
applicable to the opposite case as a matter of course.

The material of the rotating side seal ring 3 and the
stationary side seal ring 5 1s selected from silicon carbide
(S1C) excellent 1n wear resistance, carbon excellent 1n seli-
lubricity, etc. For example, both the seal rings can be made
of S1C or the rotatlng side seal ring 3 of S1C and the
stationary side seal ring 5 of carbon can be combined.

Dimples are arranged on at least any one of the sliding
surfaces of the rotating side seal ring 3 and the stationary
side seal ring 5 that slide with respect to each other.

In the present invention, the “dimples™ are dents formed
on the flat sliding surface S, and the shape thereof 1s not
particularly limited. For example, the planar shape of the
dents includes a circle, an ellipse, an oval, or a rectangle. The
sectional shape of the dents also includes various shapes
such as a bowl shape or a square.

In order to reduce a iriction coeflicient of the sliding
surface, 1t 1s desirable to activate 1n a fluid lubricating state.
Due to the dent shape of the dimples, a fluid lubricating
operation 1s obtained. A mechanism of fluid lubrication 1n
the dimples 1s as follows.

When the opposing sliding surface 1s relatively moved, by
the wedge operation of hole portions of the dimples, nega-
tive pressure 1s generated 1n a part on the upstream side of
the hole portions, and positive pressure 1s generated 1n a part
on the downstream side. At that time, in the negative
pressure part on the upstream side of the hole portions, a
liquad film 1s broken and a cavity 1s formed due to steam and
bubbles of a liquid (cavitation), so that negative pressure 1s
cancelled. As a result, only positive pressure remains and a
load capacity 1s generated, and hence the sliding surface S
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1s brought up. When the sliding surface S 1s brought up, a
gap between the two sliding surfaces that slide with respect
to each other 1s increased, and the fluid having a lubricating,
property tlows into the sliding surfaces S, so that the fluid
lubricating operation 1s obtained.

In the present embodiment, a case where plural dimples
are randomly arranged on the sliding surface S of the
stationary side seal ring 5 will be described. In this case,
dimples may be provided or not provided 1n the rotating side

seal ring 3.

Random arrangement indicates arrangement excluding
aligned arrangement 1n which dimples are arranged on a
regular basis, and does not include zig-zag arrangement.

In FIG. 3, plural dimples 10 are arranged on the sliding
surface S of the stationary side seal ring 5. The plural
dimples 10 are randomly arranged to form random dimple
groups 11.

In a case of FIG. 3, thirty-six random dimple groups 11
are arranged at equal intervals independently from each
other 1n the circumierential direction of the sliding surface
S via land portions R. However, the present invention 1s not
limited to thirty-six random dimple groups at equal intervals
but the number of random dimple groups 1s only required to
be one or more.

In each of the random dimple groups 11, the dimples are
arranged 1n such a manner that an average value of radial-
direction coordinates of centers of the dimples 10 forming
the random dimple group 11 1s smaller than a sliding radius
15 of the sliding surface S (radial-direction center of the
sliding surface S shown by a double chain line), that is, 1n
such a manner that an average radial-direction coordinate
rmean 1s not more than 0.5. The shding radius 15 1s
expressed as Rm=(Ro+R1)/2, wherein Ro denotes an outside
radius of the sliding surface and R1 denotes an inside radius
of the sliding surface.

When the radial-direction coordinate average of the cen-
ters ol the dimples 10 of the random dimple group 11 1s
smaller than the sliding radius 135 of the sliding surface S, an
amount of the fluid suctioned from the inner peripheral side
of the sliding surface S (leakage side) into the sliding surface
1s 1ncreased.

In the present mvention, the random dimple group in
which the dimples 10 are arranged 1n such a manner that the
radial-direction coordinate average of the centers of the
dimples 10 1s smaller than the sliding radius 15 of the slidin
surface S (radial-direction center of the sliding surface S
shown by the double chain line) will be called as the
“pumping random dimple group”.

The dimples 10 of the pumping random dimple group are
arranged as follows.

(1) The dimples 10 are regarded as point-mass electrons, and
with Coulomb force acting between the electrons, the plural
dimples 10 are randomly arranged by using software.

(2) Imaginary force 1s operated by soltware to intentionally
provide bias, so that more dimples 10 are arranged on the
inner diameter side of the shiding surface.

(3) With the coordinates of the biased dimples, the radial-
direction coordinate average of the centers of the dimples 10
1s calculated by using software.

(4) Whether or not the radial-direction coordinate average of
the centers of the dimples 10 1s smaller than the sliding
radius 135 of the sliding surface S i1s confirmed.

(5) In a case where the radial-direction coordinate average of
the centers of the dimples 10 1s larger than the sliding radius
15 of the sliding surface S, the operation (2) described above
1s performed.
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In the first embodiment shown in FIG. 3, further, in each of
the random dimple groups 11, the dimples 10 are arranged
in such a manner that an angular-direction standard devia-
tion Oy of the dimples 10 1s less than one.

The angular-direction standard deviation of less than one
1s expressed as the following expression 1.

angular-direction standard deviation G5,="angular-
direction standard deviation ¢ of random

dimple group”/“angular-direction standard
deviation ¢, of aligned dimple group of uniform
arrangement<1

Expression 1

In the random dimple group 11, when the dimples are
arranged 1n such a manner that the angular-direction stan-
dard deviation Oy 1s less than one, the lubricating property of
the sliding surface S 1s improved, and generation of large
torque (resistance of sliding) 1s prevented. When the dimples
are arranged in such a manner that the angular-direction
standard deviation Oy 1s less than 0.8, the lubricating prop-
erty of the sliding surface S 1s furthermore improved.

In the present invention, the random dimple group in
which the dimples are arranged in such a manner that the
angular-direction standard deviation oy 1s less than one will
be called as the “lubricating random dimple group™.

The random dimple groups 11 shown 1n FIG. 3 are the
pumping random dimple groups in which the dimples are
arranged 1n such a manner that the radial-direction coordi-
nate average of the centers of the dimples 10 1s smaller than
the shiding radius 15 of the sliding surface S, and at the same
time, the lubricating random dimple groups in which the
dimples are arranged in such a manner that the angular-
direction standard deviation oy 1s less than one.

In the first embodiment shown 1n FIG. 3, the dimples 10
are arranged as follows, so that the angular-direction stan-
dard deviation o, of the dimples 10 of the random dimple
group 11 1s less than one.

(1) In FIG. 3, the thirty-six random dimple groups 11 are
arranged at equal 1ntervals in the circumierential direction of
the sliding surface S. Thus, first, the angular-direction stan-
dard deviation o, of the aligned dimple group of the uniform
arrangement 1n a case of thirty-six random dimple groups at
equal intervals 1s determined. An angle of a section 16 of the
aligned dimple group of the uniform arrangement 1n a case
of thirty-six random dimple groups at equal intervals 1s 10°,
and an equal position of the section 16 from a center position
17 1s a position of 2.5°. Therefore, the angular-direction
standard deviation o, of the aligned dimple group of the
uniform arrangement 1n a case of thirty-six random dimple
groups at equal intervals 1s 2.5°.

(2) Next, i this state, imaginary force i1s operated by
soltware to intentionally provide bias, so that more dimples
10 are arranged on the center position 17 side.

(3) With the coordinates of the biased dimples, an angular-
direction standard deviation o of the random dimple group
11 1s calculated by using software.

(4) Based on the expression 1 described above, whether or
not the angular-direction standard deviation oy of the ran-
dom dimple group 11 obtained by normalizing the angular-
direction standard deviation o of the random dimple group
11 with the angular-direction standard deviation o, of the
aligned dimple group i1s less than one i1s confirmed.

(3) In a case where the angular-direction standard deviation
Og 0f the random dimple group 11 1s larger than one, the
operation (2) described above 1s performed.

According to the above description, the sliding compo-
nents according to the first embodiment of the present
invention exert the following specifically remarkable effects.
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(1) In the pair of sliding components having the annular
sliding surfaces that slide with respect to each other 1n which

the plural dimples are arranged on at least the sliding surface
on one side, the plural dimples 10 are randomly arranged to
form the random dimple group 11, and the dimples 10 are
arranged 1n such a manner that the radial-direction coordi-
nate average of the centers of the dimples 10 of the random
dimple group 11 1s smaller than the sliding radius 15 of the
sliding surface S. Thereby, 1t 1s possible to improve a
characteristic of suctioning the fluid from the leakage side to
the sliding surface. Thus, 1t 1s possible to provide the shiding
components excellent 1n the sealing property.

(2) The plural random dimple groups 11 are formed inde-
pendently from each other in the circumierential direction of
the sliding surface S. Thereby, 1t 1s possible to improve the
characteristic of suctioning the fluid from the leakage side to
the sliding surface uniformly 1n the circumierential direction
of the sliding surface. At that time, the random dimple
groups 11 adjacent to each other are arranged via the land
portion R. Thus, it 1s possible to increase a dynamic pressure
generation eflect 1in the land portion R.

(3) The dimples 10 are arranged in such a manner that the
angular-direction standard deviation oy of the dimples 10 of
the random dimple group 11 1s less than one. Thereby, 1t 1s
possible to improve a characteristic of letting the fluid flow
from the sealed tluid side to the sliding surface and to obtain
a thick liquid film. Thus, it 1s possible to provide the sliding
components excellent 1n the lubricating property.

When the dimples 10 are arranged 1n such a manner that
the angular-direction standard deviation o, of the dimples
10 of the random dimple group 11 1s less than 0.8, 1t 1s
possible to furthermore improve the characteristic of letting,
the fluid tlow from the sealed tluid side to the sliding surface.
Thus, 1t 1s possible to provide the sliding components
excellent 1n the lubricating property.

Second Embodiment

With reference to FIG. 4, sliding components according to
a second embodiment of the present invention will be
described.

The shiding components according to the second embodi-
ment are different from the sliding components of the first
embodiment in a point that pumping random dimple groups
and lubricating random dimple groups are partitioned from
cach other and arranged separately. However, the other basic
configurations are the same as the first embodiment. The
same members will be given the same reference signs and
duplicated description will be omitted.

In FIG. 4, on a sliding surface S on the leakage side (inner
peripheral side 1n FIG. 4), thirty-six pumping random
dimple groups 11-P in which dimples 10 are arranged in
such a manner that a radial-direction coordinate average of
centers of the dimples 10 of the random dimple group 11 1s
smaller than a sliding radius 15 of the sliding surface S are
arranged at equal intervals via land portions R. On a sliding
surface S on the sealed fluid side (outer peripheral side 1n
FIG. 4), thirty-six lubricating random dimple groups 11-L 1n
which dimples 10 are arranged 1n such a manner that an
angular-direction standard deviation of the dimples 10 of the
random dimple group 11 1s at least less than one are arranged
at equal intervals via land portions R.

The pumping random dimple groups 11-P and the lubri-
cating random dimple groups 11-L are not limited to thirty-
s1Xx sections at equal intervals but the number 1s only
required to be more than one and the random dimple groups
do not have to be arranged at equal intervals.
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In the present embodiment, the pumping random dimple
groups 11-P having a large amount of suctioning from the

leakage side to the sliding surface S are arranged on the
leakage side of the sliding surface S and the lubricating
random dimple groups 11-L with which the characteristic of
letting the fluid tlow to the sliding surface 1s improved and
liquid film thickness 1s increased are arranged on the sealed
fluid side. Thereby, 1t 1s possible to 1mprove the sealing
property and the lubricating property of the sliding surface
S.

Regarding the pumping random dimple groups 11-P and
the lubricating random dimple groups 11-L, the two adjacent
dimple groups 11-P and the two adjacent dimple groups 11-L
are respectively formed symmetrically with respect to a
center line r passing through rotation center.

Therefore, even when the opposing sliding surface 1s
rotated 1n any directions, similar functions can be exerted.
Thus, 1t 1s regarded as a suitable shape for sliding compo-
nents 1 which both sliding surfaces are rotated.

According to the above description, the sliding compo-

nents according to the second embodiment of the present
invention exert the following specifically remarkable effects.
(1) The pumping random dimple groups 11-P in which the
dimples 10 are arranged in such a manner that the radial-
direction coordinate average of the centers of the dimples of
the random dimple group 11 1s smaller than the sliding
radius 15 of the sliding surface S are arranged on the sliding
surface S on the leakage side (inner peripheral side 1n FIG.
4), and the lubricating random dimple groups 11-L in which
the dimples 10 are arranged i such a manner that the
angular-direction standard deviation of the dimples 10 of the
random dimple group 11 1s at least less than one are arranged
on the sliding surface S on the sealed fluid side. Thereby, 1t
1s possible to improve the sealing property of the sliding
surface S and also furthermore improve the lubricating
property.
(2) The two adjacent dimple groups 11-P and the two
adjacent dimple groups 11-L are respectively formed sym-
metrically with respect to the center line r passing through
the rotation center. Thereby, it 1s possible to provide the
sliding components favorable for sliding components 1n
which both sliding surfaces are rotated.

Third Embodiment

With reference to FIG. 3, sliding components according to
a third embodiment of the present invention will be
described.

The sliding components according to the third embodi-
ment are diflerent from the sliding components of the second
embodiment (FIG. 4) in a point that a deep groove 12 1s
provided. However, the other basic configurations are the
same as the second embodiment. The same members will be
given the same reference signs and duplicated description
will be omitted.

In FIG. 5, thirty-six pumping random dimple groups 11-P
are arranged at equal intervals on a sliding surface S on the
leakage side (inner diameter side in FIG. S5), lubricating
random dimple groups 11-L are arranged on a sliding surface
S on the sealed fluid side (outer diameter side 1n FIG. 5). The
deep groove 12 1s arranged between the lubricating random
dimple groups 11-L and the pumping random dimple groups
11-P.

The deep groove 12 1s formed by a circumierential deep
groove 12A and radial deep grooves 12B. The circumfier-
ential deep groove 12A 1s provided over the entire circum-
terence of the sliding surface S, and the outer peripheral side
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and the inner peripheral side of the circumierential deep
groove 12A are partitioned by the sliding surface S. Each of

the radial deep grooves 12B has an opeming portion open to
the sealed fluid side on one side and communicates with the
circumierential deep groove 12A on the other side. Thereby,
the deep groove 12 1s partitioned by the sliding surface S
excluding the opening portions open to the sealed fluid side,
and 1solated from the leakage side.

The deep groove 12 has a function of supplying a fluid to
the sliding surface S from the sealed fluid side to lubricate
the sliding surface S, and also a function of blocking
between a pumping region where the pumping random
dimple groups 11-P are arranged and a liquid film holding
region where the lubricating random dimple groups 11-L are
arranged to exert eflects of both the regions without destruct-
ing.

According to the above description, the sliding compo-

nents according to the third embodiment of the present
invention exert the following specifically remarkable effects.
(1) The deep groove 12 being 1solated from the leakage side
and commumnicating with the sealed fluid side 1s arranged on
the sliding surface S, and the circumierential deep groove
12 A of the deep groove 12 1s arranged between the pumping
random dimple groups 11-P and the lubricating random
dimple group 11-L. Thereby, the fluid 1s supplied from the
sealed fluid side to the sliding surface S and 1t 1s possible to
improve the lubricating property of the sliding surface S. It
1s also possible to prevent contact between the pumping
random dimple groups 11-P and the lubricating random
dimple groups 11-L. Thus, 1t 1s possible to suthciently exert
the functions of the pumping random dimple groups 11-P
and the functions of the lubricating random dimple groups
11-L.
(2) Roles of the pumping random dimple groups 11-P and
the lubricating random dimple groups 11-L are separated
from each other. Thus, 1t 1s possible to make design of the
sliding components easier.

Fourth Embodiment

With reference to FIG. 6, sliding components according to
a fourth embodiment of the present invention will be
described.

The sliding components according to the fourth embodi-
ment are different from the sliding components of the third
embodiment (FIG. §5) in a point that substantially twenty
lubricating random dimple groups 11-L are arranged at equal
intervals on a sliding surface S on the sealed fluid side (outer
diameter side 1 FIG. 6) and substantially ten pumping
random dimple groups 11-P are arranged at equal 1ntervals
on the leakage side (1inner diameter side in FIG. 6), and the
number of the lubricating random dimple groups 11-L 1s
different from the number of the pumping random dimple
groups 11-P. However, the other basic configurations are the
same as the third embodiment. The same members will be
given the same reference signs and duplicated description
will be omaitted.

In FIG. 6, a shiding surface S on the leakage side (inner
diameter side in FIG. 6) 1s partitioned into substantially ten
sections at equal intervals, and the pumping random dimple
group 11-P 1s arranged 1n each of the sections 18. Dimples
10 of the pumping random dimple group 11-P are in direct
contact with an 1inner peripheral portion 5B (leakage side) to
form opening portions, suction a flud to the sliding surface
from the leakage side, and improve the sealing property of
the sliding component. The sliding surface S on the sealed
fluid side (outer diameter side 1n FIG. 6) 1s partitioned into
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substantially twenty sections at equal intervals, and the
lubricating random dimple group 11-L 1s arranged 1n each of
the sections 16. Dimples 10 of the lubricating random
dimple group 11-L are i direct contact with an outer
peripheral portion SA of the sliding surface S (sealed fluid
side) to form opening portions, improve the characteristic of
letting the fluid flow from the sealed fluid side to the sliding
surface, form a thick liquid film, and improve the lubricating
property of the sliding component. In the fourth embodi-
ment, the sliding surface S on the leakage side 1s partitioned
into the substantially ten sections at equal intervals and the
sliding surface S on the sealed fluid side 1s partitioned 1nto
the substantially twenty sections at equal intervals. How-
ever, the number of sections 1s not limited to this but may be
the other numbers.

A deep groove 12 1s arranged between the pumping
random dimple groups 11-P and the lubricating random
dimple groups 11-L. The deep groove 12 1s formed by a
circumierential deep groove 12A and radial deep grooves
12B. The circumierential deep groove 12A 1s provided over
the entire circumierence of the sliding surface S, and the
outer peripheral side and the inner peripheral side of the
circumierential deep groove 12A are partitioned by the
sliding surface S. Each of the radial deep grooves 12B has
an opening portion open to the sealed fluid side on one side
and communicates with the circumierential deep groove
12A on the other side. Thereby, the deep groove 12 1s
partitioned by the sliding surface S excluding the opening
portions open to the sealed tluid side, and 1solated from the
leakage side.

The deep groove 12 has a function of supplying the fluid
to the sliding surface S from the sealed fluid side to lubricate
the sliding surface S, and also a function of blocking
between a pumping region where the pumping random
dimple groups 11-P are arranged and a liquid film holding
region where the lubricating random dimple groups 11-L are
arranged to exert eflects of both the regions without destruct-
ing.

According to the above description, the sliding compo-

nents according to the fourth embodiment of the present
invention exert the following specifically remarkable effects.
(1) The deep groove 12 being 1solated from the leakage side
and communicating with the sealed fluid side 1s arranged on
the sliding surface S, and the circumierential deep groove
12A of the deep groove 12 1s arranged between the pumping
random dimple groups 11-P and the lubricating random
dimple group 11-L. Thereby, the fluid 1s supplied from the
sealed fluid side to the sliding surface S and 1t 1s possible to
improve the lubricating property of the sliding surface S. It
1s also possible to prevent contact between the pumping
random dimple groups 11-P and the lubricating random
dimple groups 11-L. Thus, 1t 1s possible to suthiciently exert
the functions of the pumping random dimple groups 11-P
and the functions of the lubricating random dimple groups
11-L.
(2) The pumping random dimple groups 11-P and the
lubricating random dimple groups 11-L which are the dimple
groups having different roles can be freely arranged on the
outer diameter side and on the inner diameter side. Thus, 1t
1s possible to make the design of the sliding components
casier.

The modes 1n which the present invention 1s implemented
are described with the embodiments above. Specific con-
figurations are not limited to the modes of these embodi-
ments but the present invention also includes changes and
additions within the range not departing from the gist of the
present invention.
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For example, in the above embodiments, the example in
which the sliding component 1s used for any one of the pair
of the rotating side seal ring and the stationary side seal ring
in the mechanical seal device 1s described. However, the
sliding component can also be utilized as a sliding compo-
nent of a bearing to slide with a rotating shaft while sealing
lubricating o1l on the axially one side of a cylindrical sliding
surface.

For example, 1n the above embodiments, the case where
the high-pressure sealed fluid exists on the outer peripheral
side 1s described. However, the present invention can also be
utilized for a case where a high-pressure fluid exists on the
inner peripheral side.

For example, in the above embodiments, the thirty-six
pumping random dimple groups and the thirty-six lubricat-
ing random dimple groups are arranged at equal intervals.
However, the present invention 1s not limited to this but the
number of the random dimple groups 1s only required to be
one or more and the random dimple groups do not have to
be arranged at equal intervals.

REFERENCE SIGNS LIST

1 rotating shaift

2 sleeve

3 rotating side seal ring

4 housing

5 stationary side seal ring

6 coiled wave spring
7 bellows

10 dimple

11 random dimple group

11-P pumping random dimple group
11-L lubricating random dimple group
12 deep groove

12A circumierential deep groove
12B radial deep groove

15 sliding radius

16 section

17 center position of section

S sliding surface

R land region

The 1nvention claimed 1s:

1. A pair of sliding components having annular sliding
surfaces that have a leakage side and a sealed fluid side and
slide with respect to each other 1n which plural dimples are
arranged on at least the sliding surface on one side, char-
acterized in that the plural dimples are randomly arranged to
form at least one random dimple group, and the dimples are
arranged 1n such a manner that a radial-direction coordinate
average ol centers of the dimples of the random dimple
group 1s smaller than a sliding radius of the sliding surface.

2. The sliding components according to claim 1, charac-
terized in that plural random dimple groups are formed
independently from each other 1in the circumierential direc-
tion of the sliding surface via a land portion.

3. The sliding components according to claim 2, charac-
terized 1n that the dimples are arranged 1n such a manner that
an angular-direction standard deviation of the dimples of the
random dimple group 1s less than one.

4. The sliding components according to claim 2, charac-
terized in that the dimples are arranged in such a manner that
an angular-direction standard deviation of the dimples of the
random dimple group 1s less than 0.8.

5. The sliding components according to claim 4, charac-
terized in that the at least one random dimple group 1s
comprised of at least one pumping random dimple group
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which 1s arranged on the sliding surtface on the leakage side,
and, 1n addition to the at least one pumping random dimple
group, at least one lubricating random dimple group, 1n
which dimples are arranged in such a manner that an
angular-direction standard deviation of the dimples 1s at
least less than one, 1s arranged on the sliding surface on the

sealed flud side.

6. The sliding components according to claim 3, charac-
terized 1n that a deep groove being 1solated from the leakage
side and communicating with the sealed fluid side 1s
arranged on the sliding surface, and a circumierential deep
groove of the deep groove 1s arranged between the pumping
random dimple group and the lubricating random dimple

group.

7. The sliding components according to claim 2, charac-
terized 1n that the at least one random dimple group 1s
comprised of at least one pumping random dimple group
which 1s arranged on the sliding surface on the leakage side,
and, 1n addition to the at least one pumping random dimple
group, at least one lubricating random dimple group, 1n
which dimples are arranged in such a manner that an
angular-direction standard deviation of the dimples 1s at
least less than one, 1s arranged on the sliding surface on the
sealed fluid side.

8. The sliding components according to claim 7, charac-
terized 1n that a deep groove being 1solated from the leakage
side and communicating with the sealed fluid side 1s
arranged on the sliding surface, and a circumierential deep
groove of the deep groove 1s arranged between the pumping
random dimple group and the lubricating random dimple
group.

9. The sliding components according to claim 1, charac-
terized 1n that the dimples are arranged in such a manner that
an angular-direction standard deviation of the dimples of the
random dimple group 1s less than one.

10. The sliding components according to claim 1, char-
acterized 1n that the dimples are arranged 1n such a manner
that an angular-direction standard deviation of the dimples
of the random dimple group 1s less than 0.8.

11. The sliding components according to claim 10, char-
acterized 1n that the at least one random dimple group 1is
comprised of at least one pumping random dimple group
which 1s arranged on the sliding surtace on the leakage side,
and, 1n addition to the at least one pumping random dimple
group, at least one lubricating random dimple group, 1n
which dimples are arranged in such a manner that an
angular-direction standard deviation of the dimples 1s at
least less than one, 1s arranged on the sliding surface on the
sealed fluid side.

12. The sliding components according to claim 11, char-
acterized in that a deep groove being 1solated from the
leakage side and communicating with the sealed tluid side 1s
arranged on the sliding surface, and a circumierential deep
groove of the deep groove 1s arranged between the pumping
random dimple group and the lubricating random dimple
group.

13. The sliding components according to claim 1, char-
acterized in that the at least one random dimple group 1is
comprised of at least one pumping random dimple group
which 1s arranged on the sliding surface on the leakage side,
and, 1n addition to the at least one pumping random dimple
group, at least one lubricating random dimple group, 1n
which dimples are arranged in such a manner that an
angular-direction standard deviation of the dimples 1s at
least less than one, 1s arranged on the sliding surface on the

sealed fluid side.
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14. The sliding components according to claim 13, char-
acterized 1n that a deep groove being isolated from the
leakage side and communicating with the sealed fluid side 1s
arranged on the sliding surface, and a circumiterential deep
groove of the deep groove 1s arranged between the pumping 5
random dimple group and the lubricating random dimple

group.
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